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(54) Light emitting device 

(57) A light emitting device (10. 15. 50. 130] is con- 
structed on a substrate [2. 132]. The device includes an 
n-type semiconductor layer [3] in contact with the sub- 
strate (2, 132]. an active layer [4] far generating light the 
active layer (4] being in electrical contact with ttie n-type 
semiconductor layer fj3). A p-type semiconductor layer 
[5] is in electrical contact with the active layer [41, and a 
p-electrode (21. 51. 101) is in electrical contact with the 
P-type semiconductor layer [5]. T he p-dactmHa pi ^ t 
1011 includes a law* m cik~ ^ contact with th» p-type' 
Jgfric onductor layer [5]. In the preferred embodimart nt 
the present invention, the rrtype semiconductor layer 
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p] and the p-type semiconductor layer RJ are con- 
structed from group HI nitride semiconductor materials. 
^5*"° OTbodiment of the Inv ention the silver layer is 
surttaentty thin io be j mimmuani m umui m iUud t- 
ments, the silver layer is thick e nouofi to reflect m ost rrf 
the light incident thereng a fixation l ayer fS2. TBSTs 
preferably provided over toe Silver layei. IWailon 
wyer [az. ic z] may be a diWUIlL U a tunUuUu r, the 
choice depending on whether or not the silver layer is 
transparent 
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Description 



[0001] The present invention relates to light emitting 
electronic devices for example based on nitride semi- 
conductors. 

[0002] The development of short wavelength light 
emitting devices is of great interest in the semiconduc- 
tor arts. Such short wavelength devices hold the prom- 
ise of providing increased storage density for optical 
disks as well as full-color displays and white light 
sources when used in conjunction with devices that errtt 
light at longer wavelengths. 

[0003] One promising ciass of short vjavelength light 
emitting devices ts based on group III nitride semicon- 
ductors. As used herein, the class of group III nitride 
semiconductors includes GaN, AIN, InN, BN, AllnN 
GalnN. AIGaN. BAIN, BlnN. BGaN, and BAIQalnN. To 
simplify the following discussion, "GaN semiconductors" 
includes GaN, and group III nitride semiconductors 
whose primary component is the GaN as in GalnN 
AIGaN, BGaN, and BAIQalnN. 
[0004] Light emitting diodes (LEDs) are fabricated on 
a GaN semiconductor having an active layer that gener- 
ates light by recombining holes and electrons. The 
active layer is sandwiched between p-type and n-type 
contacts to form ap-nor n-p diode structure. A p-elec- 
trode and an n-electrode are used to connect the p-con- 
tact and n-contact, respectively to the power source 
used to drive the LED. The overall efficiency of the LED 
may be defined to be the light emitted to the outside 
generated per watt of drive power. To maxirraze the fight 
efficiency, both the light generated per watt of drive 
power in the active layer and the amount of light exiting 
from the LED in a useful direction must be considered. 
[0005] A considerable amount of effort has been 
expended in prior art devices to maximize the Gght that 
is generated from the active layer per watt of drive 
power. It should be noted that the resistance of the p- 
type nitride semiconductor layer is much more than the 
resistance of the n-type nitride semiconductor layer. 
When the p-electrode is formed on the p-type nitride 
semiconductor layer, a semiconductor junction or ohmic 
junction is formed. In either case, there is a voltage drop 
across the junction, and hence, power is wasted at the 
junction. To reduce this voltage drop, the p-electrode is 
usually much wider than the n-electrode to lower the 
contact vottaga 

[0006] While increasing the size of the p-electrode 
increases the amount of light generated in the active 
region per watt of input power, it leads to a decrease in 
the amount of light that exits the device, since most of 
the light exiting the device must now pass through the p- 
electrode. Accordingly, attenrpts have been made to 
maximize the transmittance of the p-electrode. A p-elec- 
trode having a transmittance of 40 to 50% has been 
constructed utilizing a multi-layered film of nickel and 
gold having an 8 nm gold film layer on a 1 run of nickel 
layer. However, even with this relatively high transmit- 



tance, there is 6tiQ considerable room for inprovement 
[0007] In addition, this transparent p-electrode is too 
thin for bonding to the electrical conductors used to 
deliver the power to the LED. Hence, a thicker p-elec- 

5 trade region is required to form a bonding pad. A midti- 
layered film of nickel and gold having a thickness of sev- 
eral hundreds of nanometers is often used as the bond- 
ing pad. The bonding pad is typically a rectangle of the 
order of 100 m icr om etres on a side. Hence, a significant 

10 amoum of ligW is lost in the thicker boncfing^ 

[D008] However, even with the best prior art designs, 
the amount of light exiting the LED is 50% of that gener- 
ated in the active region. If attenrpts are made to 
increase the output by using thinner p-electrodes, the 

is resistance of the electrode increases. As a result higher 
drive voltages are required to overcome the increased 
resistance, and efficiency drops. 
[0009] Broadly, it is the object of the present invention 
to provide an improved LED design. 

» [0010] It isafurmer object of the present invemkm to 
provide an LED with increased Dght output efficiency. 
[P011] According to an aspect of the present invention 
there is provided a light emitting device as specified in 
daiml. 

25 I 0012 ! According to another aspect of the present 
Invention there is provided a method of fabricating a 
light emitting device as specified in claim 9. 
[0013] The preferred light emitting device is con- 
structed on a substrata The device includes an n-type 

30 semiconductor layer in contact with the substrate, an 
activelayer for generating light, the active layer being in 
electrical contact with the n-type semiconductor layer. A 
p-type semiconductor layer is in electrical contact with 
the active layer, and a p-electrode is in electrical contact 

» with the p-type semiconductor layer. The p-electrode 
includes a layer of silver in contact with the p-type sem- 
iconductor layer, bi the preferred embotfment of the 
present invention, the n-type semiconductor layer and 
the p-type semiconductor layer are constructed from 

40 grotp lit nitride semiconducting materials. In one 
embodiment of the invention, the silver layer is suffi- 
ciently thin to be transparent In other embodiments, the 
silver layer is thick enough to reflect most of the light 
incident thereon and light exits via the substrate, which 

45 *s transparent A fixation layer is preferably provided 
over the silver layer. The fixation layer may be a (Selec- 
tor a conductor, the choice depending on ^ 
not the silver layer is transparent 
B>014] An embodiment of the present invention is 

so deserved below, by way of example only, with reference 
to the accopmanying drawings, in which: 

Figure 1 is a cross-sectional view of an LED 
according to a first embodiment of the present 

6 invention. 

Figure 2 is a cross-sectional view of an embodi- 
ment of LED having a reflective p-electrode consist- 
ing of a 3-layered structure. 
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Figures 3(A)-{C) are cross-sectional views of an 
LED and package before and after mounting the 
LED on the package. 

Figure 4 is a cross-sectional view of another 
embodiment of LED. 5 

[001 5] The preferred embodiment achieves its advan- 
tages by utilizing a sitver-based p-electrode. An LED 
according to the preferred embodiment can b» 
structed with either a reflective p-electrode and a trans- to 
parent substrat e or a transnar~* r ^~*~4- n ~i a ~ 
renege substrate. Embodiments c* th« nreom 
tion utilizing a reflective p-eiectrodejwill be described 
first 

[0016] The light generated in the active region erf the is 
LED exits the LED through the sUsstrate when a reflec- 
tive P-electrode is utilized. Light exiting the active region 
in the cfirection of the p-electrode is reflected back 
towards the substrate by the reflective p-electrode. The 
p-electrode utilizes silver as the first metal layer inaT so 
least a part or tne p-electroda In an optoelectronic 
oevica a silver layer is vapor-3$osited on the p-type 
nitride semiconductor layer and functions as the p-elec- 
trode and as a mirror for reflecting light back toward the 
transparent substrata 25 
[0017] Referring now to Figure 1, which is a cross- 
sectional view of a first embodiment of LED, LED 10 is 
constructed on a sapphire substrate 2 by depositing an 
n-layer 3, an active layer 4 that is usually a multi-quan- 
tum well layer of a nitride semiconductor, and a player 5. so 
This series of layers is essentially that deposited in con- 
structing a conventional LED up to the point of providing 
the p-electroda LED 10 utilizes a silver (Ag) layer 21 as 
the first metal layer of the p-electroda A second metal 
layer for bonding the p-lead wire 6 is constructed from ss 
nickel and gold and shown at 21 A. An n-electrode 7 is 
also provided in the conventional manner together with 
a bonding pad for connecting the n-lead wire 7A. 
[0018] The method by which LED 10 is fabricated will 
now be explained in more detail. First, conventional 40 
processes such as CVD are used to successively form 
n-layer 3, active layer 4. and p-iayer 5 on a sapphire 
substrate* Next, the LED is patterned photolithograph- 
ically using nickel as the mask and is etched back into n- 
layer 3 to form the pad for n-electrode 7 by reactive ion 45 
etching. The nickel mask is then removed by applying 
aqua regia at room temperature. 
[0019J The removal of the mask via aqua regia also 
cleans the surface of p-layer 5, and hence, aqua regia is 
preferred to other etchants for removing the nickel so 
mask. The part is left in the aqua regia tor 30 minutes to 
one hour. If the etching time is less than 30 minutes, the 
cleaning of the p-layer surface is insufficient, even 
though the nickel mask has been removed. Insufficient 
cleaning leads to a loss in the stability of the silver that 55 
is vapor-deposited on p-surface in the subsequent dep- 
osition steps. Hence, reducing the immersion time sig- 
nificantly belcw 30 minutes must be avoided. 



[Q020] Next, the LED part is activated for five minutes 
with sapphire substrate 2 at 900°C in a nitrogen atmos- 
phera After the activation, the LED part is cleaned in 
hydrofluoric acid for 10 minutes at room tenperaturaA 
100 nm layer of Ag is then vapor-deposited on p-layer 5 
to form the first layer 21 of the p-electrod a it should be 
noted that the reflectenca^ of the Ag lay^does^rot 
improve substantially if tha thWnocc i^^^ 
10Bi 



1] Next about 300 nm of nickel and SO nm of gold 
are successively vapour deposited and patterned to 
form electrode metal layer 21 A for bonding to the p 
electrode and a first annealing is performed (annealing 

[D022] Next 10 nm of T1 and 200 nm of Al are succes- 
sively vapor-deposited and patterned on the rrtype 
QaN part to form n-electrode 7. A second annealing 
operation is then performed. The LED may then be sep- 
arated from the other devices, such as other LFDs. 
formed on the same wafer. Thesis then mounted in 
a suitable package (not shown), the p-lead wile 6 is con- 
nected between the electrode metal layer 21A and a 
first bond pad (not shown) that forms part of the pack- 
age, and the n-lead wire 7A is connected between the 
n-electrode 7 and a second bond pad (not shown) that 
forms part of the packaga The LED is oriented in the 
package in a direction that allows light transmitted 
through the substrate 2 to be radiated from the packaga 
[0023] KshouldbenotedthaianneaUnglcanbeomit- 
ted. Annealing 1 is performed at or below 200 °C. and 
annealing 2 is performed above 200*C. preferably 
above 400*C The annealing operations are found 
experimentally to reduce the resistance of the p-con- 
tact 

[0024] The characterises of an L£^ 
present invention depend on the speed with which the 
silver is deposited and on the temperature of the sap- 
phire substrate during the vapor deposition, jthasbew 
jound experimentally that the preferred deposition con- 
dmonsareavaporoeposffi^ 
0.05 nmteecon dor less and a tamnpmti^ tf ^ ^ r 

prare 6 l astrate2of200 tt Corlesa At tenperatures of 
daru. tne stiv er layer Decomes non-unifnrm «nH th» 
resistance of the silver layer increases . AsnrtadaBove. 
me resistance ci tne p-electrode is a significant factor in 
the overall efficiency of the LED, and hence, such 
increases in resistance are to be avoided. 
[0025] The silver-based p-electrode of the present 
invention is particularly well suited for reflective elec- 
trodes in the blue to green region of the spectrum. While 
palladium, platinum, nickel, gold, aluminum, chromium, 
and titanium layers could be utilized to create a reflec- 
tive electrode, saver has a substantially higher reflect- 
ance than the other cancfidatea In addition siMfuniiki) 
gold, aluminium, chroma and titanium, forms an ohmic 
[unctmn ptth« p-typafi^ 

[0026] The portions of the silver layer that are not cov- 
ered by the mounting pad 21 A are preferably covered by 
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a fixation lager that prevents reductions in the reflect- 
ance of the Aq layer over tim a, The fi xation layer can be 
a metal or a dielectric. " ^ 

[00271 In one embodiment thefbcatwn layer is a 
layer that covers the entire silver layer and acts as a 
passivation layer that prevents the cBffuston of the metal 
from the bonding tavfer int o the stiver layer . Hefamng 
new to Figure 2 which is a cross-sectional view of an 
LED 1 5 having a reflective p-electrode consisting of a 3- 
layered structure that includes a diffusion barrier layer 
102. To simplify the discussion, those elements that 
serve the same functions in LED 15 as elements in LED 
1 0 shown in Rgure 1 have been given the same refer- 
ence numbers. Silver laver mi j S oa/ared wrth a Hu- 
ston barrier l ayer 1 0 2 Diffusion barrier laveHogls 
covered by the hnnrtinn law* rnq ft ^ ™~ ~ ^ m 
bo nding conn ections ara mart* 
[0028] Diffusion barrier layer 102 prevents the constit- 
uents of bonding layer 103 from 
101 • The diffusion barrier layftf i s preferably construct ed 
jrom nickel and is vapcr-dep osited to a thickness ^ fir 
J22JHL. ln *e preferred^fibbdwnent of the invention, 
diffusion barrier layer 102 also covers the side surfaces 
of silver layer 101 and seals the player 5 and the saver 
layer 101. However, this sealing function may not 
always be required. Next, the metal tor the bonding 
layer 1 03 is vapor-deposited. Gold with a thickness of 
50 nrn is preferred. 

[0029] In the absence of a diffusion barrier layer, gold 
from the bonding layer diffuses into the silver layer and 
reduces the reflectivity of the silver layer. If the bonding 
layer covers only a small fraction of the p-electrode, the 
reduction in the overall reflectivity of the p-electrode is 
relatively small. However, when the bonding layer occu- 
pies a significant fraction of the p-electrode, the reduc- 
tion in reflectivity is significant and hence, the diffusion 
barrier layer provides a significant inprovement 
[0030] The diffusion barrier layer 102 also improves 
the stability of the underlying silver layer 101. The diffu- 
sion barrier layer also functions as a metal rotation layer 
that improves the mechanical and electrical characteris- 
tics of the underlying silver layer. As a result of these 
improvements, the substrate temperature during the 
vapor deposition step in which the silver layer is tormed 
can be lowered and the vapor deposition speed 
increased. 

[0031] The abovfrdescrfeed embodiments of the 
present invention utilized single layers for the diffusion 
barrier layer 102 and the bonding layer 103. However, it 
should be noted that the d iffusion barrier layer 
and/or the bonding laye TlUi can pg m unuaV6r6d struc- 
t ures. _ _ 
[0032] The reflective p-electrode rtscussed above is 
well adapted for LEDs that are to be Hip-chip' mounted. 
Referring now to Figures 3(A)-(C) ( which are cros*sec- 
tional views of an LED 130 and package 140 before and 
after mounting LED 130 on package 140. LED 130 is 
constructed on a transparent substrate 1 32. The p-eiec* 
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trade of LED 130 is shown at 1 13 and includes a bond- 
ing layer or bonding pad as described above. The rv 
electrode is shown at 1 17. In the packaging operation, 
p-electrode 113 is to be connected to a conductor 118 
5 on the package, and n-electrode 117 Is to be connected 
to conductor 119. 

CID033] The bonding layer 103 shown in Rgure 2 is 
Y*^topr^ 

Ffcal connections between the electrodes and the con- 
10 Actors in the package. The conn ec ti ons are provided 
V depositing tumps" 120 ol a low melting-point metal 
such as indium on the package conductor* Sriiarfy.a 
/coating of a metal that w8T wet the low melting-point 
/ metal is deposited on the surface of the n-electrode and 
18 / P-«lectrode as shown at 116. LED 130 is then inverted 
S and placed in contact with package 140. The parts are 
I then heated sufficiently to melt the low melting point 
Vnetal thereby making the required connections. The 
thai packaged part is shown in Rgira 3(C). 
' I 0034 ! The above-described emborfments of the 
present invention have utilized a reflective silver-based 
p-electrode with the fitfit exiting the LED through a 
transparent substrata However, embedments of the 
Present invention having a transparent p-electrode can 
also be constructed utilizing saver. Referring now to Fig- 
ure 4, which isacro cti secti o na l view of another etrtxxfr 
iment of an LED according to the present invention. To 
simplify the following discussion, the same reference 
numbers are utilized for parts that serve the 6ame func- 
30 tionaspartsshowninRgurel.LEDSOdiffercfroml^ 
10 shown in Rgure 1 in that saver layer 51 is thinner 
than silver layer 21 shown in Figure 1. and i ay «r 
52 is deposited on the fwOActmrfi, i ^ «fr ^ m 
protect and stabilize the «h/prim/«r i n Tin. 
38 «yer 52 reduces the reflectance of the p-electrode as 
descrfoed below. The thinner saver layer inproves the 
transmittanceofthe p-electrode. 
[0035] Electrode metal layer 51 A provides a bonding 
pad for connecting the p-electrode wire & This pad is 
40 similar to the electrode metal layer 21 A shown in Rgure 

PG36] In this embodiment of the present invention, sil- 
ver layer 51 has a thickness of 3 to 20 nm, preferably 10 
nm. A silver layer becomes transparent when its thick- 

45 ness is less than 20 nm.lt should be noted that at wave- 
tengths below 500 nm, the absorption of silver is less 
than that of gold. Hence, this embodiment of the present 
invention is useful in constructing short wavelength 

_ LEDs with transparent p-electrodes. 

so [00371 It should be noted that a confined 
TiO 2 (25nm)/Ag(10nm) film has a higher transmittance 
at wavelengths above about 360 ran than a single silver 
Writ Hence, the HO2 fim also improves the transmis- 
sion of the p-electrode. The optinum thickness for the 

55 Tl °2 film depends on the wavelength of the light gener- 
ated by the LED. The TKfe fim provides an optical 
matching layer that reduces the reflections from the sil- 
ver layer. The optimum thickness of the T1O2 layer is 
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independent of the thickness of the silver layer and is 
approximated by 25X7450. where Jt is the wavelength (in 
nm) of the generated light 

[0038] T1O2 layer 52 is preferably deposited by vapor- 
deposition. When Tt0 2 layer 52 is used, the conditions 
under which silver layer 51 is deposited are less critical 
than described above with respect to LED 10 shown in 
Figure 1 . In particular, the vapor deposition speed of sil- 
ver can be increased. 

[0039] It should be noted that other dielectric films 
may be used in place of TIC^. For example, layer 52 
may be constructed from SK>2 or AI2O3. 
[0040] In the preferred embodiment of the present 
invention, either the boundary of substrate package 8 
and substrate~2 or the boundary of substrate 2 and n- 
layer 3 is reflective for light of the wavelength generated 
in active layer 4. Such a reflective layer assures that 
i light leaving active layer 4 toward substrate 2 is 
Reflected back toward the transparent p-electrode. 
10041] The above-described embotiments of the 
present invention have utilized a sapphire substrata 
However, it will be obvious to those skilled in theartfnm 
the prectginq dfenigginn that rrthor fflftc frates may be " 
utilized. In addition, the substrate may include one or 
more buffer layers, the rMype semiconductor layer 
being deposited on the last of these buffer layers. 
Accordingly, it is to be understood that the term "sub- 
strate" includes 6uch buffer layers. 
[0042] Similarly, the above-described embodiments of 
the present invention have been described in terms of a 
p-type semiconductor layer and an n-type semiconduc- 
tor layer that sandwich an active layer that generates 
light when a potential is applied across the semicon- 
ducting layers. However, it will be evident to those 
skilled in the art from the preceding discussion that 
each of these layers may include a number of sub-lay- 
ers. Accordingly, it is to be understood that the term 
layer" as used herein includes multi-layered structures. 
[0043] Various modifications to the present invention 
will become apparent to those skilled in the art from the 
foregoing description and accompanying drawings. 
Accordingly, the present invention is to be limited solely 
by the scope of the following claims. 
[0044] The disclosures in Japanese patent application 
nos. 9-345584 and 9-345985, from which this applica- 
tion claims priority, and in the abstract accompanying 
this application are incorporated herein by reference. 

Claims 

1. A light emitting device comprising: a substrate [2, 
132]; an n-type semiconductor layer [3J in contact 
with said substrate [2, 132]; an active layer [4] for 
generating light said active layer [4] being in electri- 
cal contact with said n-type semiconducting layer; a 
p-type semiconductor layer [5] in electrical contact 
with said active layer [4]: and a p-electrode [21 , 51 , 
101] in electrical contact with said p-type semicon- 



ductor layer [5J, said p-electrode [21 . 51 , 101] com- 
prising a layer of silver in contact with said p-type 
semiconductor layer [5]. 

5 2. A light emitting device as in claim 1, wherein saidn- 
type semiconductor layer [3] and said p-type semi- 
conductor layer [5] comprise group III nitride semi- 
conducting materials. 

w 3. A light emitting device as in claim 1 or 2. wherein 
said silver layer is greater than or equal to 20 nm in 
thickness. 

4. The light emitting device as in claim 3. wherein said 
*s p-electrode [21 . 51 , 101] comprises a fixation layer 
[52, 102] in electrical contact with said layer of sil- 
ver, said fixation layer [52. 1 02] comprising a metal 
chosen from the group consisting of nickel, palla- 
dium, and platinum: and/or a boncing layer [21A, 
so 51 A, 103] in electrical contact with said layer of sil- 
ver tor making electrical connections to said layer of 
silver and preferably conprising a metal chosen 
from the goup consisting of gold and aluminium. 

25 5. A light emitting device as in claim 4, comprising: an 
n-electrode [7] comprising a layer of electrically 
conductive material in electrical contact with said re- 
type semiconductor layer [3]; and a package [140] 
including f irst and second conductors for supplying 

30 powertosaid p-electrode [21, 51, 101] and said n- 
electrode [7], respectively. 



6. A light emitting device as in claim 5, comprising a 
metallic bonding layer [21A, 51A. 103] between 
said first conductor and said p-electrode [21, 51, 
101] preferably comprising indium. 
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7. A light emitting device as in claim 1, wherein said 
layer of silver is less than 20 nm in thickness. 



8. A light emitting device as in claim 7, wherein said p- 
electrode [21, 51, 101] comprises a fixation layer 
[52, 1 02] in contact with said layer of silver, said fix- 
ation layer[52, 102] comprising a compound cho- 

45 sen from the group consisting of Ti0 2 , Si0 2 , and 
AI2O3; and/or a bonding layer [21 A, 51 A, 103] com- 
prising a metal chosen from the group consisting of 
gold and aluminum, said bonding layer [21 A, 51 A, 
103] being in electrical contact with said layer of sil- 

50 ver, said bonding layer [21A, 51A, 103] covering 
less than half of said layer of silver. 



A method of fabricating a light emitting dance com- 
prising the steps of: generating an n-type semicon- 
ductor layer [3] on a substrate [2, 132]; generating 
an active layer [4] on said n-type semiconductor 
layer [3], said active layer [4] generating light by the 
recombination of holes and electrons therein; gen- 



55 



5 



9 EP0926744A2 

erafing a p-type semiconductor [5] layer on said 
active layer [4]; activating said p-type semiconduc- 
tor >ayer [5] by heating said substrate p. 132]; and 
providing a stiver layer £1, 51, 101] on said p-type 
semiconductor layer. 6 

10. A method as in claim 9, wherein said step of provid- 
ing said silver layer [21 , 51 , 101] comprises depos- 
iting silver via vapor deposition. 



TO 



14. A method as in any one of daims 9 to 13, wherein 
said step of activating said active layer [4] com- 
prises heating said active layer [4] in a nitrogen 
atmosphere to a temperature greater than 200°C. 
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11* A method of claim 10 wherein said silver is vapor 
deposited at a rate of no greater than 0.05 nmfcec- 
ond and at a temperature of less ttian or equal to 
200°C. 

12. A method as, in claim 9, 10 or 11, comprising the 
step of depositing a fixation layer [52. 102] on said 
silver layer [21, 51, 101]. 

13. A method as in any one of claims 9 to 12, compris- 20 
ing the step of providing an electrically conducting 
layer in contact with said silver layer [21, 51, 101] 

tor making electrical contact to said silver layer [21, 
51.101]. 
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